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METHOD AND APPARATUS TO FACILITATE
TREATING A TARGET PORTION OF A
PATIENT’S BODY WITH RADIATION

TECHNICAL FIELD

This invention relates generally to the treatment of living,
tissue with radiation.

BACKGROUND

The use of radiation to treat medical conditions comprises
a known area of prior art endeavor. For example, radiation
therapy comprises an important component ol many treat-
ment plans for reducing or eliminating unwanted tumors.
Unfortunately, applied radiation does not discriminate
between unwanted materials and adjacent tissues, organs, or
the like that are desired or even critical to continued survival
of the patient. As a result, radiation 1s ordinarily applied in a
carefully administered manner to at least attempt to restrict
the radiation to a given target volume.

This has led, for example, to the use of collimators to
attempt to restrict the profile of the radiation beam 1n a way
that avoids untargeted tissue to the sides of the targeted area.
Unfortunately, this practice does not address the entire prob-
lem space. As one example 1n these regards, the radiation
beam must typically pass through untargeted tissue on the
journey to the targeted area.

Many treatment plans provide for exposing the target vol-
ume to radiation from a number of different directions. Arc
therapy, for example, comprises one such approach. This
approach not only permits radiating the target from a variety
of different angles, 1t also helps to avoid radiating any specific
non-targeted portion of the patient’s body for the entire treat-
ment period. Though truly beneficial, this approach alone
may not be necessarily optimum for all application settings.
When treating a target that 1s adjacent to particularly sensitive
non-targeted portions of the patient’s body, for example, even
this reduced level of exposure may be a cause for concern.

BRIEF DESCRIPTION OF THE DRAWINGS

The above needs are at least partially met through provi-
s10n of the method and apparatus to facilitate treating a target
portion of a patient’s body with radiation described 1n the
tollowing detailed description, particularly when studied 1n
conjunction with the drawings, wherein:

FIG. 1 comprises a flow diagram as configured 1n accor-
dance with various embodiments of the invention;

FI1G. 2 comprises a schematic view as configured 1n accor-
dance with various embodiments of the invention; and

FIG. 3 comprises a block diagram as configured 1n accor-
dance with various embodiments of the invention.

Elements in the figures are illustrated for simplicity and
clarity and have not necessarily been drawn to scale. For
example, the dimensions and/or relative positioning of some
of the elements 1n the figures may be exaggerated relative to
other elements to help to improve understanding of various
embodiments of the present mvention. Also, common but
well-understood elements that are useful or necessary in a
commercially feasible embodiment are often not depicted 1n
order to facilitate a less obstructed view of these various
embodiments of the present invention. Certain actions and/or
steps may be described or depicted in a particular order of
occurrence while those skilled 1n the art will understand that
such specificity with respect to sequence 1s not actually
required. The terms and expressions used herein have the
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ordinary technical meaning as 1s accorded to such terms and
expressions by persons skilled in the technical field as set

forth above except where different specific meanings have
otherwise been set forth herein.

DETAILED DESCRIPTION

Generally speaking, pursuant to these various embodi-
ments, one accesses information regarding the functionality
of portions of the patient’s body and then uses that informa-
tion to optimize a radiation-treatment plan to treat a target
portion of the patient’s body while minimizing at least some
collateral radiation-based damage to non-targeted functional
portions of the patient’s body. By one approach, the afore-
mentioned information can comprise a functionality model as
pertains to at least some portions of the patient’s body.

As one example 1n these regards, this can comprise opti-
mizing the radiation-treatment plan such that the planned
radiation beams tend to pass through non-targeted less-func-
tional portions of the patient’s body rather than through non-
targeted portions of the patient’s body of greater functional-
ity.

These teachings will accommodate a range of functional-
ity-assessment metrics and modalities. Relative functionality
can be assessed where impaired functionality derives from a
disease process, structural design, or even prior or prospective
radiation-based damage.

Using these teachings will tend to emphasize the avoidance
of exposing otherwise healthy portions of the patient’s body
to radiation during a radiation-based treatment of a targeted
portion of the patient’s body. These teachings achieve this
beneficial result, by one approach, by referring at least some
of the collateral radiation-based damage to less-functional
portions ol the patient’s body. These results are attained with-
out requiring new hardware (such as new collimators) and can
be readily implemented via changes to existing radiation-
treatment optimization programs. These approaches are eco-
nomically deployed and are highly scalable as they can be
used with a wide variety of differently shaped and differently
s1zed radiation-treatment targets and methodologies.

These and other benefits may become clearer upon making,
a thorough review and study of the following detailed descrip-
tion. Referring now to the drawings, and in particular to FIG.
1, an 1llustrative process 100 that 1s compatible with many of
these teachings will now be presented. A control circuit of
choice can carry out this process 100 as desired.

As an optional precursor, this process 100 will accommo-
date the optional step 101 of developing functionality infor-
mation regarding at least a portion of a patient’s body. This
“functionality” refers, at the least, to a relative degree by
which a given portion of the patient’s body performs its
biological function. By one approach, and by way of
example, 1n a given segment of lung tissue the gas-exchang-
ing functionality of the alveoli may be fully unimpaired 1n
which case the functionality of this segment might be viewed
as being one hundred percent. As another example, 1n another
given segment of this same lung tissue the gas-exchanging
functionality of the alveoli may be partially impaired (due, for
example, to a disease process such as emphysema or cancer)
such that the gas-exchanging capability 1s only fifty percent of
the first segment’s Tunctionality.

The example above measures “functionality” in a purely
locally-relative manner, with a local highest level of function-
ality serving as a benchmark for full functionality. By another
approach an objective standard can serve in these regards.
Using this approach, the various body portions to be charac-
terized are compared to some external standard of choice.




US 8,284,897 B2

3

Such a standard can be based, for example, upon relevant
studies of one or more healthy (or selected unhealthy) per-
SOnS.

There are various approaches one might pursue to effect
this step 101. By one approach, for example, computed
tomography (CT) (including either three-dimensional CT
and/or four-dimensional CT) can serve to develop such inifor-
mation. As one example, CT imaging while using a breathing
marker such as O15 can provide functionality information
regarding lung tissue. As another example 1n these regards,
one can extract information regarding spatially-located den-
sity 1n lung tissue using a three-dimensional CT 1mage. And
as yet a further example 1n these regards, one can detect
compression and decompression information for various por-
tions of a lung using four-dimensional CT 1maging.

As another example 1in these regards, this functionality
information can be developed , at least 1n part, using data
pertaining to at least one previously-administered radiation
treatment and/or using functionality estimates based upon
accumulated (previously-administered and/or subsequently-
planned) radiation doses.

As yet another example 1n these regards, this information
regarding functionality can comprise, at least in part, infor-
mation regarding functionality changes that stem from at
least one previously-administered therapy (such as, but not
limited to, one or more previously-administered radiation
treatments, surgery, and/or medication). By one approach in
these regards, such information can be expressed, at least in
part, by a model that expresses such functionality changes
due to the at least one previously administered therapy.

These examples are intended to serve only 1n an illustrative
capacity. There are, 1n fact, various known ways to develop
functionality information for various portions of the human
body and other ways are likely to be developed in the future.
(Given further that the present teachings are not particularly
sensitive to any particular selections in these regards, for the
sake of brevity and clarnty further elaboration will not be
provided here 1n these regards.

In any event, and regardless of how and when 1nitially
obtained and developed, step 102 of this process 100 then
provides for accessing information regarding the functional-
ity of portions of the patient’s body (i.e., the patient having a
target portion (such as a tumor) that 1s to undergo radiation
treatment). By one approach, this can comprise accessing
information regarding un-targeted biological materials that
are proximal to the treatment target and/or that are potentially
in the path of a radiation-treatment beam. When the target
region comprises a portion of an organ (such as, for the sake
of illustration, a lung) this accessed information can pertain
to, at the least, other tissue of that organ as surrounds or 1s
otherwise adjacent to the target region.

By one approach this functionality information can assume
the form of a functionality model such as a spatial model of
functionality. As one very simple 1llustration in these regards,
and without intending any limitations in these regards, FI1G. 2
presents a very simple graphic example of such a model. In
this model 200 of a given organ, a target region 201 1s sur-
rounded by non-targeted material 202.

In this example the bulk of the un-targeted material 1s
shown as being fully functional. Per the dictates of the model,
this might mean, for example, that this material ranges some-
where between one hundred percent functional to, say, fifty
percent functional. Two portions 203 of the un-targeted mate-
rial, however, are shown with cross hatching. In this example,
this serves to indicate that this material 1s less than fifty
percent functional.
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In this simple example, the model simply indicates, 1n a
spatially-correlated manner, which portions of the organ have
at least fifty percent functionality and which portions have
less than fifty percent functionality. Other model criteria are
of course possible. By one approach, for example, four
equally-spaced criteria can be employed such as 0-235%,
26-50%, 351-75%, and 76-100% functionality. Generally
speaking, the degree of parsed functionality can be broken
down to achieve whatever level of granularity may be
required to suit the needs of a given application setting.

FI1G. 2, of course, comprises only a two-dimensional cross-
sectional view of a slice of the organ in question. Such a
model can of course comprise additional information that
serves to provide a complete three-dimensional view of the
organ 1f desired.

Referring again to FIG. 1, and as alluded to earlier, the
functionality of various portions of the patient’s body can
vary 1n response to a variety of processes, stresses, and influ-
ences. For example, less-functional portions of the patient’s
body can be less functional due to a corresponding disease
process that affects (or has atfected) the patient’s body.

As another example, less-functional portions of the
patient’s body can be less functional due to a corresponding
structural design of the patient’s body. This view can be
particularly relevant when comparing various portions of the
patient’s body against one another using an evaluation crite-
rion that favors some portions to the exclusion of other por-
tions. As one simple example in these regards, when consid-
ering different portions of a lung, the primary bronchi 1s a
primary air pathway that is, relatively speaking, empty
whereas tissue containing bronchioles is relatively densely
packed. When measured only by the functionality criterion of
gas-exchanging capability, the latter 1s considerably more

“functional” than the former.

As yet a further example 1n these regards, less-Tunctional
portions of the patient’s body can be less functional due to
corresponding exposure to radiation-based damage. By one
approach, this reduction in functionality can be based upon
prior empirical studies of functionality-reduction due to
radiation treatment. Such external data can serve, 1n turn, to
estimate a corresponding reduction of local functionality 1in a
given patient who has, 1s, or will be undergoing a similar
treatment process.

At step 103, this process 100 then uses the foregoing infor-
mation to optimize a radiation-treatment plan to treat the
target portion of the patient’s body while minimizing at least
some collateral radiation-based damage to non-targeted func-
tional portions of the patient’s body. Such plans are often
optimized by using an 1iterative calculation process. Begin-
ning with some 1nitial set of treatment-parameter settings, a
radiation-treatment planning apparatus iteratively adjusts one
or more of those settings and assesses the relative worth of the
adjusted plan. It will be understood that the expression “opti-
mizing~ should not be confused with the 1dea of 1dentifying
an objectively “optimum”™ plan that 1s superior to all other
possible plans. Instead, such optimization comprises itera-
tively assessing alternatives to a given plan to typically 1den-
tify a series of successively-better plans.

By one approach, such optimization can comprise calcu-
lating a comparison of collateral radiation-based damage to
both non-targeted functional and less-Tunctional portions of
the patient’s body as corresponds to a given candidate treat-
ment plan. These calculations, 1n turn, can be based, if
desired, upon use of a model of radiation effects on the
patient’s body as corresponds to the given candidate treat-
ment plan. There are various ways by which such a compari-
son can be carried out. By one approach, this can comprise
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using an objective function value of choice that serves to
represent overall effectiveness of a given candidate treatment
plan to minimize collateral radiation-based damage to the
non-targeted functional portions of the patient’s body.

As one 1illustrative example in these regards, an objective
function O describing how the functionality F depends on
dose D could be represented as follows:

0<=F<=1,

where F=0 1s fully non-functional and F=1 1s tully functional
and E equals a multiplicative effect of dose D on functionality
F, such that E=1 for D=0 and E=0 when D exceeds the cut-off
dosage (D). In this 1llustrative model the patient’s tissue
becomes fully non-functional after the cut-off dose. This
function E 1s therefore seen to decrease between D=0 and

D tO
cutOff?
For each point 11n the tissue (and with D(1) representing the

dose at point 1 and F(1) representing the original functionality
at point 1):

Op(i)=—E(D{))-F (i)

from which the functional part of the objective function
becomes:

O0=2.0:{3).

It will be understood that this only represents a partial
contribution to the total objective function that also describes
how well the other objectives (e.g. dose volume objectives for
the target and critical organs) are fulfilled. The functional part
of the total objective function could be an additive or multi-
plier to other parts of the total objective function. For
example:

Oromf — Omrger_l_ O + OF

criticalCrgans

or

Ommf — Orarger_l- OF ‘0

critical(vgans

or

Ommf — OF [ Orcﬂ'ger_l_O

crifical Grgans] -

By another approach, one could use functionality-volume
historgrams (analogous to dose-volume histograms) as objec-
tives to the optimization process. For example, the user could
set an objective that “more than 50% of the right lung should
have functionality over 90%.” Or, *““a liver shall have at least
100 cm” of connected volume (i.e., one continuous volume)
ol functional tissue.”

Many radiation-treatment plans pertain to radiation-treat-
ment platforms that are capable of movement during the
treatment 1tsell (such as arc therapy platforms). Such plans
often comprise a sequence of control points that define vari-
ous settings for various treatment platform parameters at
various physical locations during the treatment process. In
such a case, 1 desired, the aforementioned step 103 can
comprise developing comparisons of the collateral damage of
concern at various segments of each given candidate treat-
ment plan. Using this approach, each treatment plan can be
evaluated and compared as a function of the aggregated over-
all ability of the plan to minimize such collateral damage to
non-targeted functional portions of the patient’s body.

As noted earlier, by one approach this optimization can
comprise urging the plan towards an approach that tends to
refer at least some of collateral radiation-based damage from
non-targeted functional portions to less-functional portions
of the patient’s body. This can be achieved, for example, by
favoring plans that arrange for radiation beams to tend to pass
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through the less-functional portions of the patient’s body
rather than through the functional areas of the patient’s body.

Referring again to FIG. 2, in this 1llustrative example the
existence of the two areas of less-functional non-targeted
portions 203 can lead to an optimized radiation-treatment
plan that restricts the application of radiation to occurring
within two separate corresponding ranges 204 and 205.
Radiation beams 206 directed inwardly to the target 201 will
traverse non-targeted content that largely comprises, to the
extent possible, less-functional portions of the patient’s body.
So configured, radiation beams outside these two ranges 204
and 205) are prohibited (as symbolized here by the prohibi-
tion symbol denoted by reference numeral 207).

In lieu of the foregoing, or 1n combination therewith, by
another approach radiation beams outside the aforemen-
tioned ranges 204 and 205 may not be precluded, but the
intensity of the radiation beams may be adjusted accordingly.
For example, radiation beams 208 that occur outside these
ranges 204 and 205 may have only half the intensity of radia-
tion beams 206 that are within these ranges 204 and 203. Such
an approach may be usetul, for example, where the geom-
ctries of the application setting require that at least some
radiation be applied to the target 201 using an otherwise
non-optimum directionality.

FIG. 2 can also serve to illustrate yet another approach that
1s consistent with these teachings. In this example, there are
two separated areas that include less-functional biological
material. In a case where a sulificient radiation dose can be
administered by restricting the radiation beams to only one of
these areas, a comparison can be made regarding which of
these two areas results 1n the least collateral harm to non-
targeted functional body portions. In this simple example, the
less-functional area on the left side of the drawing extends
more deeply mwards towards the target 201 than the less-
functional area on the right side of the drawing. As a result,
radiation beams passing through the less-functional area on
the left side of the drawing will exit and pass through a
relatively smaller length of non-targeted functional biological
material before encountering the target 201. Such a compara-
tive analysis and result can therefore prompt using only the
range 204 on the left side of the drawing for the resultant
radiation-treatment plan.

Although the preceding discussion has focused on refer-
ring radiation to less functional portions of non-targeted
organs, the present mvention 1s more general isofar as 1t
encompasses accounting for functionality 1n optimization of
a treatment plan. As yet another approach 1n these regards,
and again by way of illustration, the aforementioned refer-
ence to minimization of damage may also refer to estimating
the functionality of a whole organ (viewed 1n the aggregate
and not 1n some parsed manner) aiter delivery of one or more
radiation treatments. In this case, results that yield better
overall functionality of the whole organ (or other body part) 1s
preferred instead of looking at the segregated functionality of
various parts of the organ. Such an approach can be useful 1in
application settings when 1t may be beneficial to irradiate
healthier (more functional) un-targeted portions of a given
body part (such as a lung or spine) to the extent that such an
approach yields, 1n the end, an overall body part having a
least-impaired functionality. In some cases, the overall func-
tionality of an organ may not need to be determined as part of
the process and 1n general the invention may be used to refer
radiation based on tissue functionality. As a further example,
in some cases, the present invention may be practiced to
protect less functional portions of an organ. For example,
where an organ has pre-existing damage and/or damage due
to radiation either delivered or to be delivered, such that such
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portion should not sustain further damage, the present inven-
tion may be used to minimize radiation to such portion to the
extent possible.

The above-described processes are readily enabled using
any ol a wide variety of available and/or readily configured
platforms, including partially or wholly programmable plat-
forms as are known 1n the art or dedicated purpose platforms
as may be desired for some applications. Referring now to
FIG. 3, an illustrative approach to such a platform 300 will
now be provided.

In this illustrative example, the platform 300 comprises a
memory 301 that operably couples to a control circuit 302.
The memory 301 can comprise a non-transitory computer-
readable storage medium of choice. This memory 301 serves
to store information regarding functionality of at least por-
tions of a patient’s body 305. In the case where the control
circuit 302 comprises a partially or wholly programmable
platform, this memory 301 can also serve to store computer
instructions which, when executed by the control circuit 302,
will cause the latter to perform one or more of the steps,
actions, and/or functionality as are presented herein.

The control circuit 302 can comprise a fixed-purpose hard-
wired platform or can comprise a partially or wholly pro-
grammable platform. All of these architectural options are
well known and understood in the art and require no further
description here.

By one approach, an information capture system 303 (such
as, but not limited to, a three-dimensional or four-dimen-
sional CT system, a positron emission tomography (PET)
system, and so forth) can serve to provide at least some of the
functionality information stored by the memory 301. Also 1f
desired, a radiation treatment system 304 of choice (such as,
but not limited to, an arc therapy system) can administer the
optimized radiation-treatment plan developed by the control
circuit 302.

Such a system may be comprised of a plurality of physi-
cally distinct elements as 1s suggested by the illustration
shown 1 FIG. 3. It 1s also possible, however, to view this
illustration as comprising a logical view, 1n which case one or
more of these components can be enabled and realized via a
shared platform.

It will be recognized that these teachings are highly flexible
and will accommodate a wide range of variations 1n practice.
For example, by one approach, such a control circuit 302 can
be configured to access a functionality model as pertains to at
least a portion of a given patient’s body and use this function-
ality model to estimate tissue functionality following at least
one given radiation-treatment dose to etlect the described
assessment and comparison activity.

By taking into account that not all biological material sur-
rounding a given radiation-treatment target 1s equal 1n terms
of present or resultant functionality, these teachings permit a
therapeutically-satisfactory radiation-treatment plan to be
optimized in a manner that tends to spare functional non-
targeted portions from collateral radiation-based damage.
That, at least 1n some cases, this comes at the expense of
diverting such collateral radiation-based damage to less-
functional portions will often be an acceptable compromise.

Those skilled in the art will recognize that a wide variety of
modifications, alterations, and combinations can be made
with respect to the above described embodiments without
departing from the spirit and scope of the invention, and that
such modifications, alterations, and combinations are to be
viewed as being within the ambait of the mnventive concept.

We claim:

1. A method to facilitate treating a target portion of a
patient’s body with radiation, the method comprising;:
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at a control circuit:

accessing information regarding functionality of por-
tions of the patient’s body;

using the information to optimize a radiation-treatment
plan to treat the target portion of the patient’s body
while minmimizing at least some collateral radiation-
based damage to non-targeted functional portions of
the patient’s body by referring at least some of the
collateral radiation-based damage to less-functional
portions of the patient’s body.

2. The method of claim 1 wherein the targeted portion of
the patient’s body comprises a portion of an organ and
wherein at least one of the non-targeted functional portions of
the patient’s body comprises another portion of the organ.

3. The method of claim 1 further comprising:

using computed tomography (CT) to develop the informa-

tion.

4. The method of claim 3 wherein the CT comprises at least
one of:

three-dimensional CT; and

four-dimensional CT.

5. The method of claim 1 further comprising;:

using positron emission technology (PET) to develop the

information.

6. The method of claim 1 wherein optimizing a radiation-
treatment plan comprises, at least in part, planning a plurality
of radiation beams that tend to pass through the less-tunc-
tional portions of the patient’s body rather than through the
functional portions of the patient’s body.

7. The method of claim 1 wherein at least some of the
less-functional portions of the patient’s body are less func-
tional due to a disease process affecting the patient’s body.

8. The method of claim 1 wherein at least some of the
less-functional portions of the patient’s body are less func-
tional due to a structural design of the patient’s body.

9. The method of claim 1 wherein at least some of the
less-functional portions of the patient’s body are less func-
tional due to radiation-based damage.

10. The method of claim 1 wherein accessing information
regarding functionality of portions of the patient’s body com-
prises, at least 1n part, developing the information using data
pertaining to at least one previously-administered radiation
treatment.

11. The method of claim 1 wherein accessing information
regarding functionality of portions of the patient’s body com-
prises, at least 1n part, accessing a spatial model of function-
ality.

12. The method of claim 1 wherein accessing information
regarding functionality of portions of the patient’s body com-
prises, at least 1n part, using information regarding function-
ality changes stemming from at least one previously admin-
istered therapy.

13. The method of claim 12 wherein the at least one pre-
viously administered therapy comprises at least one of:

a radiation treatment;

surgery; and

medication.

14. The method of claim 12 wherein using information
regarding functionality changes stemming from at least one
previously admimstered therapy comprises, at least in part,
using a model that expresses functionality changes due to the
at least one previously administered therapy.

15. A method to facilitate treating a target portion of a
patient’s body with radiation, the method comprising;:

at a control circuit:

accessing information regarding functionality of por-
tions of the patient’s body by, at least 1n part, devel-
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oping the information using functionality estimates
based upon accumulated radiation doses;

using the information to optimize a radiation-treatment
plan to treat the target portion of the patient’s body
while minimizing at least some collateral radiation-
based damage to non-targeted functional portions of
the patient’s body.

16. An apparatus to facilitate treating a target portion of a
patient’s body with radiation, the apparatus comprising:

a memory having information stored therein regarding

functionality of portions of the patient’s body;

a control circuit operably coupled to the memory and being,
configured to optimize aradiation-treatment plan to treat
the target portion of the patient’s body while minimizing,
at least some collateral radiation-based damage to non-
targeted functional portions of the patient’s body, at least
in part, by referring at least some of the collateral radia-
tion-based damage to non-targeted less-functional por-
tions of the patient’s body.

17. The apparatus of claim 16 wherein the control circuit 1s
configured to optimize the radiation-treatment plan by, at
least 1n part, planning a plurality of radiation beams that tend
to pass through the non-targeted less-functional portions of
the patient’s body rather than through the non-targeted func-
tional portions of the patient’s body.

18. The apparatus of claim 16 wherein the information, at
least 1 part, comprises a functionality model.

19. The apparatus of claim 16 wherein the control circuit 1s
configured to optimize the radiation-treatment plan while
mimmizing at least some collateral radiation-based damage
to non-targeted functional portions of the patient’s body by at
least 1n part, calculating a comparison of collateral radiation-
based damage to both non-targeted functional and less-func-
tional portions of the patient’s body as corresponds to a given
candidate treatment plan.

20. The apparatus of claim 19 wherein the control circuit 1s
turther configured to calculate the comparison, atleast in part,
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by using a model of radiation effects on the patient’s body as
corresponds to the given candidate treatment plan.

21. The apparatus of claim 16 wherein the control circuit 1s
turther configured to optimize the radiation-treatment plan to
treat the target portion of the patient’s body while minimizing
at least some collateral radiation-based damage to non-tar-
geted functional portions of the patient’s body by using an
objective function value that represents overall effectiveness
of a given candidate treatment plan to minimize collateral
radiation-based damage to the non-targeted functional por-

tions of the patient’s body.

22. The apparatus of claim 16 wherein the control circuit s
turther configured to optimize the radiation-treatment plan to
treat the target portion of the patient’s body while minimizing
at least some collateral radiation-based damage to non-tar-
geted Tunctional portions of the patient’s body by developing
comparisons of such damage at various segments of a given
candidate treatment plan.

23. A non-transitory computer-readable storage medium
having computer instructions stored therein, which computer
instructions when executed by a digital computing platiorm
provide for:

accessing 1nformation regarding Ifunctionality of a

patient’s body having a target portion that 1s to be treated
with radiation;

optimizing a radiation-treatment plan to treat the target

portion of the patient’s body while mimmizing at least
some collateral radiation-based damage to non-targeted
functional portions of the patient’s body by referring the
collateral radiation-based damage to non-targeted less-
functional portions of the patient’s body.

24. The non-transitory computer-readable storage medium
of claim 23 wherein optimizing a radiation-treatment plan
comprises, at least in part, planning a plurality of radiation
beams that tend to pass through the non-targeted less-func-
tional portions of the patient’s body rather than through the
non-targeted functional portions of the patient’s body.
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